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(54) CYLINDER NUMBER CONTROL ENGINE 
(57)Abstract 

PURPOSE: To prevent a downward flow to an exhaust system 



through a cylinder at rest« regarding the air not contributing a 
combustion process, and reduce a pumping loss as much as 
possible. 

CONSTTTUTION: A cam 42a for driving the second intake valve 34b 
in a cylinder 52 at rest is coupled to a camshaft 44 via a helical 
spline and both axial sides of the cam 42a are constrained with a 
stopper section 58 for restricting Oie slide thereof. The drive 
camshaft 44 is free to slide axiaily on the operation of a slide 
motion mechanism, and made to slide during the rest of an engine. 
The drive cam 42a for the second intake valve 32b is thereby 90 
degrees rotated relatively in a rotation retarding direction, and the 
second intake valve 32b is made to open at compression stroke. 
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UA^t). K^fTS*»&£Bffiff8lC*HtT{*±a®rtl3jS CO 0 1 61 mz. ±ES#¥SA»ffl*ii*n/S:®S# 

a*A<BlRMt:fi«$n5 (iS*Sl) . t;03C*5l»T, 3 4tt«§t#TJfeO. r©KS#3 4 
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€:fiiA. *0«S^«*&*g;tbTHx>-:?>*teftj$e J^rfil^JMSlCtlv'J >5''\.y K*A-5 6*>f,T*»rS§ 

t$i:x>i;>o±a©©^-fe-68©sfS'va)je<Effl)st t. 2 a^m:^f^^<Df^mmm^tx 
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i;nft n rt; i; tbffl ^ A V 1 7 h 4 4 1:^ UTffi** @ 
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A 4 2 a ^^^-f^mmmttixi^r yb4 4 0-mm\z 

h4 4^0^U/cCl^^7 7>i7'>^ 

h4 4^^ni^\ZXy>( H^ft^-&^X^< 

h 4 4<D-«aiC«^ vffl«6 4)&54?;l/ hiJiefe^nTti 
T> ro:^i?a«6 4<^^^ICH<gge1^(/)^^>?®6 4 
a i:itiB4^CDX-7^-r >3I6 4 ba:;!r<J^^K ^tlTC^^, 
X7^>f >«6 4 b^lft^^vffle 4 a t^^MLT^^a 

tt6 4o^:&(S](c37&^mtriSitbnTo;5>« 

[0 0 2 1 1 COS-DOTsZTy^yme 4b\znfBV 

n-rnaocDXT^^^ >fi6 4h\zm^^nxtti.y^ 

'J 6 6/>«^Jt^nT(r^^o O^O. :^Ay-'J 6 6<^?^ 
ee56 6 b tX-7y-( >«6 4 b tf)^m:fjm\ZY6oXm 

[0 0 2 21 ^tz. ±IB:^Ay-'j 6 StDrtiHtrtS^TBl 

Xg56 8 a75i±^:^Ay-U6 6(^#XgB6 6 a(rf^«£ 

6 8a irttv ^cO!*?^{C±Sft;!^>?ffi6 4 a tC^tfetT 
«^-r^tt*va6 8b)!)iJ^^$nTliT. 
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[0 0 2 31 ^LT, ±E:^7AT-U 6 6<07-ua6 
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®^gBtt7 4 7!f<«^$tlTl^T. CC0**8g<t7 4H;^j 

[0 0 2 41 ^/c. C(^«*8Btt7 4(±tfrBlggtf 6 8(?5 
MHi5»^+[filUTi9;®$tlT*3 0, #*6Elt7 4cOtt 
7 2 <DmS:\m 72a^(w<tD^ia 
E^7 6y^^®j«$nTt.^^» lE-LT, -e-co^ 1 iftE^f^ 

7 6 (r#^j^$n^?*EHf£;i:T*<:ffitf 7 4 ««fi;^|pjtr 
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um-^ti. cniz^Kimmmi 4(Dp^mi^t^?m^ 

6 8<07fxXS&6 8 a O^^&i;!i^SBJ^WlCE(^aiS$n 
T**gB« 7 4 C7)|Hie7!^tttip«^6R« 6 8 \Z&io^i:o \Ztji 

[0 0 2 51 Igtr, ti/^-^tt? 2\Z\t\d7.h>7 St 
JrJ:0m2f4JE^8 0/i^@fi£$n. CcOS2fflE^8 0 

rttre^JS^n^^ftEtrsSUrex h>7 8it«:3&rnj(rg^ 
WiLx^r^sme BiziEmr^^oizuoxi^-^x. ex 

h > 7 8 Jt^^^t^fBlSWe 8 (OlH«to^«iiifcm?il:$ 
[0 0 2 61 ^tz. mi. S2ttE^76. SOlCllC 

n6»rf^aa^it&gp'r^j5»«i«8 2y)<ijK$nTi^ 

5o C(0*&fit««8 2H;t'f JWA>8 4rtOjS?ta€:* 
-r;V5jt>y8 6lr.fcOmi. m2aE^7 6, SO\zm 
<^^mm^88t. mi, m2fflffi^7 6. 8 0rt<7> 
f^flfft^^-f J^/1>8 4(r^t"'J^->fiiaK9 0, ^ 

<tt;;cn ^ wi^waK 8 8 <b u ^-ymmK Qoto't 
n^n^^/rmi. m2ffib^76. so\zmmA.xm 

S$it^3;l^-h2ttg^gyi^y^ Hn;^y9 2 a, 
20 9 2 bt)&^b>'<tO, Kn>ll/:/9 2 a, 9 2b 

Hm^$fl»a.-^;/ h 3 0 tri:oTfpaiH13$n^J;^tc 

(0 0 2 71 ;*:tc, ±m<DpB<m^^n^mi^mw(o 
ifm\z'D\.^xmmr^. 

[0 0 2 81 h3 OlicnilA;fj$n^»A 

it^fSS 5 2<DK^v-7J^-;^ K|-Ki5Lfc«S»iSW# 1 
30 6?&^^coj^S»*©l^^fititbT^K§t^5 2 $:it;±jlteT 

^<h^^(r, 04 (b) {c^-Tii^tcvuy-f HA;uy9 

2 a lCOK©^€:% Lxm 1 i*E^ 7 6 tftlteffiiiK 8 
8^^S®$-lt. miaE^7 6f*3<Cffi!ia^#t*S'r^ 
yU/< HA;U-/9 2btCOFF<i^^£^LTm 
2fflE^8 6 ^-><Sgii^9 0 i:^Sa$1i:-5, 
[0 0 2 91 m 1 fflE^ 7 6 (*9tCf^ft«i:6i«)fe$n5 

a(o^mm\zEEmi'. mmmJ^7 4<ommijt^^mmi 

6 8tre^^nTft^m«6 8tt:^A>^-U 6 6i:bt) 

40 w-<m^bx^tii^(DmzmMmm^±r^, r^t. 
^r^^tis Biz^i^ma^ft^vxm^'^nx^^^^mmm 

;^ A V ^ 7 N 4 4 H:^ A 7*- U 6 6 i ^i^ T©e L;i;!>t 
(^2. S4{r43l^T;&^r|£il) \Z7sy^mW} 

(0 0 3 01 ^g|ffl:^A->^7h4 475tX7-f H^ftT 
^t. ai^mfg55 4<Dmi..m2®^#3 4a. 34b 
$:l^i(l-r^l^^ffl;^A4 2, 4 2 t^lcitag 5 2 (D^ 1 
9ft^#3 4 a€:IKBT^ISBlffl^A4 2<tli-fttC^» 

■r^/i^ ^•nb<7)^5-:^A«gii^(Dx^-r H^»ffitteji± 
so *'<si2:{r^^£$nTii^)!>^6^n-f nosft:^ A set 
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a#3 4a, 3 4b<h{*it^fS5 5 2<7)^lKm#3 4a 

n-So -^r, *it§[S5 2<om2«S#3 4b^&^®l-r 
^^g}ffi;^A4 2 atix h^v/^as 8lr<toTiS:^!^'\ 

cnn\z^'Drmmmt}/:.i^r 7 h 4 4 ti** urfflw® 

COfzlsb. ^K{t:it^fi5 2(Om2®S#3 4bH 

tr43tt^{*:itatSS 5 2 (OK^^f^ 3 4«m 1 3 4 a 
flWii«SD«^fT@TM#U (^«^^) . ^2K^ 

#3 4 bmfj^ca>^m.ffm\zm<m&ffm'cmi^'r^ 

»ifcSBi 5 2 tr K A ^ n/c^Sm^t 51 < ffitefr 

gTm2®^*3 4 biWT&^biiixsfcsa^trqs^^^^n 
\zmmr^ztt>tj:<. ^-Dxm^isx^ommmm^ 

4 (a) tr^"rJ:^{rVU/-f K/S;W>^9 2 aHOFF 

fi#^% UTS 1 7 6 ^ 'J ^-ymm^ 9 0 

m 2 fft ffi^ 8 0^ S^jf&ma^S 8 8 \zmm $ -It Xm 2 ?4E 

^8 or^tcf^iifft^^i^f -euT. cnt'j;o*« 

»«7 4 t'f'KlffiWe 8 <i:OBE«ie&A^«li$n^t^ 

tc. trxh>7 8)5tifffi$nT4'^ia«6 8tc^»u. 

^Sfcb:xh> 7 875t:/U-4-tLT«ffiLT^rBmtf6 
8 0lHHb^fiT*Acttf?il:$1t^o T^t, ^f^Utt^ 
8 0(HlCt^:^A7'-U 6 6<0©ej:0M<;^-9T^nb 

ostrffi^iHieT&t^i;, mmmi^h.i^^yV4 4iim')5 

:fjA'>^7h4 4a)X7< K^ibUctOtlcih^SS 2C0 
m2«g#3 4b$ffi«T^IS»ffl:^/.4 2 aT&^^^jSH 
^oi5ie:*(6j<7)it^ffltc9 0ffi«»@e$n^o T/^cCb 
t.. m2Ka#3 4b(7>Mffl^-f 5 >y/>«Effiffe*^b 

[0 0 3 3] @9-ai o\t:i^%m(nm2^mm^7r^ 
To ^<DS 2 iisgw?5^ins(om 1 nmm L^mrr^^^ 
\m9\z^r^wz$>^. ^(D^tz^mmtmim^^ 
rsm 3 0--^ 7 0(c^-rm 1 m:mm<r)m^\z^mt^. 
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[0 0 3 4ir<cb%. g9(',i^-rJ:9irCOm2ll!fi 
^lr*oTii. S2Km#3 4ba)ffi»:^ix3 8a<hffi 

mmi2i.4 2 b ihn^nGo^^ft^ffi/r^j^t-gSiffl^ 

A 7 h 4 4 OW^mzm^<J^^f^^'t^r>X7'~n 

mzn^^-^nxy^^x. m9imiiJ^4 2h(j>tiL,'^uy^ 

xu^^ o-^r^. mw\mi^ix4 2b(r>mytct^tLm^^ 
t^m%tihz 8 a\zmikhx\^^^mxwvv-f^)yv 
m.t'to>mi^%m^±^<tx^^o\ztir>x\e^^. 
id (0 0 3 5) c(om2^mmx\t. mmmfjAi^ 
A- 7 h 4 4 07. ^-f mmmm\im 1 ^jfiMo«&<ofi 
1. see^c^^^nrv^^o -tixT. mi«a#3 4 
a (om&mi^j^ 4 2 (Dis\tmmi3i. 3 s (og^t 0 ^^^x 

2^%i^3 4b<omwimi3A4 2b<oi^\mi^mmt 
mcx. ^'jti)vxzfy^>m4 4a<Dm^\mimm 

^^(0*»lr^oTl^^. ^^®2»a#3 4bOBftffl 
;^JA4 2 b<Dn^mmS^^f)mWitiIx3 S aJCjIttbTV^ 

^<^KT, :i(Dmw}mtii.4 2b(o±s9&(r>mmzmnt. 
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^i:. m2®m*3 4bOIS«iffl:^A4 2btt^(0»i!i 

;i^ffi§$n^ j^TSSc^j A 3 8a ty'-nrnzmm^ti 

[Eie^recu. ^^)ti)i7.://7^ >U4 4 aommt^ 
tEmz ^n^wcmmm^m ;^ a 4 2 b <Dmmz ^t^k 

$n^c^j*[T^^K®iffl;^A4 2 bHffiftffl:^Av'V7 

h4 4 tc^*bT©te:*f«)(0jinffl(3 4 ssft^tiHiteLT 
30 affiA/>5-fn^o c<D«!g/>^&$e»j^ffi»ffl;tjAv^7 

h4 4?!^«^^T^:&*|SltrX^-f H^td^n^t. IKK 
ffl:^ A 4 2 b{AKftffi:fjA vi- 7 h 4 4 *(rX7-f 

mmvx^o^-k^m^^tmwifiuz ^ a\zm^%'^ 

[0 0 3 7] {toT. ^l<0«^<Oft:ifc51ft«t'<om2R§l 

^3 4 bopiifl«ftti^@i oir-^m«T^r<fcpir. 
mm9^^>^i^Cfy>^^&x9 om&n^tmz. 
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3 4a ffl(0®;«ffli3 A 4 2 c ^<fc^ffi»)/j A 3 8 

b^'r'-nmzm^t^zt\z^K^. mi2<Dmm^^ 

atr^TJ: o IzSEi&ffl* A -> 1 7 h 4 4 <ox ^-f H^lb 
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(54) [Title of the Invention] 

CYLINDER NUMBER CONTROL ENGINE 

(57) [Abstract] 
[Purpose] 

To prevent the downward flow of air, which makes no contribution to combustion, to an exhaust 
system through resting cylinders and to reduce a pumping loss as much as possible in a multi-cylinder 
four-cycle cylinder number control engine which stops the fuel supply to some of the cylinders so that 
they rest during pre-determined operations. 

[Constraction] 

Drive cam 42a of a second intake valve 34b in a resting cyUnder 52 is coupled to a camshaft 44 via 
a helical spline, with both axial sides of the cam 42a being constrained by a stopper 58 to regulate the 
movement. The drive camshaft 44 is free to axially slide by a sliding mechanism 62, the drive cam 
42a of a second intake valve 32b being 90^ relatively rotated in a rotation retarding direction, and the 
second intake valve 32b being opened during the compression stroke. 
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[Claims] 



[Claiml] 

A cylinder number control engine comprising a multi-cylinder four-cycle cylinder number control 
engine, provided with: 

an air/fuel ratio control means for detecting the oxygen concentration in exhaust gas and 
accomplishing feed-back control of the air/fuel ratio of a mixed gas based on the detected value and 
a fuel supply means in order to stop the fiiel supply to some of the cylinders so that they rest during 
pre-determined operations, and characterized by providing a valve-opening means in which intake 
valves of the resting cylinders are opened during the intake stroke and compression stroke during a 
pre-determined operation. 

[Claiml] 

A cylinder number control engine comprising a multi-cylinder four-cycle cyUnder number control 
engine, provided with an air/fuel ratio control means for detecting the oxygen concentration in the 
exhaust gas and accompUshingfeed-backcontrolof the air/fuel ratio of a riiixed gas based on a 
detected value and 

a fuel supply means in order to stop the fuel supply to some of the cylinders so, that they rest during 
pre-determined operations, characterized by providing a valve-opening means for opening the intake 
valves of the resting cylinders upon the completed stroke of intake, compression, expansion and 
exhaust during pre-determined operations and a valve-closing means for closing the intake valves of 
the resting cylinders upon the completed stroke of intake, compression, expansion and exhaust during 
pre-determined operations. 
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[Claim 3] 



The variable cylinder number control engine described in Claim 1 or Claim 2, characterized by the 
fact that the intake valve comprises a first intake valve and a second intake valve, and the 
valve-opening means opens the second intake valve. 

[Detailed description of the invention] 

[0001] 

[Industrial Applications] 

The present invention relates to an improvement of a multi-cylinder four-cycle cylinder number 
control engine having an air/fuel ratio control means for detecting the oxygen concentration in the 
exhaust gas and accomplishing feedback control of the air/fiiel ratio of a mixed gas based on the 
detected value and a fuel supply means in order to stop the fuel supply to some of the cylinders so that 
they rest during pre-determined operations. 

[0002] 

[Prior art] 

Recent automobile engines are required to simultaneously achieve the opposing properties of high 
out-put and economy, and a multi-cylinder four-cycle cylinder number control engine performing the 
cylinder number control has been proposed as corresponding technique. 



[0003] 



Although a cylinder number control engine is based on stopping the fuel supply to some of the 
cylinders in multiple cylinders so that they rest and conceiving a reduction of fuel consumption in 
pre-determined operations where high output is not required, such as in a normal low-load region; if 
the operation of the intake/exhaust valves of the resting cylinders iare made in an engine having an 
air/fuel ratio control means that detects the oxygen concentration in exhaust gas with an O2 sensor 
and accomplishes feedback control of the air/fiiel ratio to an objective value based on the detected 
value, air not contributing to combustion flows to the exhaust system through the resting cylinders, 
causing the output value of the 02 sensor to become disordered with a lean air/fiiel ratio inhibiting 
air/fuel ratio control. Hence, it is essential to prevent the flow of air to the exhaust system tiuDugh the 
resting cylinders in order accomplish cylinder number control in an engine performing the air/fuel 
ratio control. 

[0004] 

As a method for achieving this objective, Japanese Unexamined Utility Model S59- 184334 discloses 
a well known technique in which the operation of intake/exhaust valves of the resting cylinders are 
stopped and closed during the resting operation, 

[0005] 

[Problem overcome by the invention] 

However, if the operation of intake/exhaust valves of the resting cylinders are stopped and closed 
during resting operation of some of the cylinders, there is the problem that excessive negative 
pressure operates during the intake stroke of the resting cylinders, with an extremely increase in 
pumping loss, and not only is sufficient output not obtained but there is also an increase in torque 
fluctuation. 
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[0006] 



The present invention was made in view of such circumstance, and has the objective of providing a 
cylinder number control engine in which air not contributing to combustion does not flow to the 
exhaust system during the resting operation of some of the cylinders, thereby reducing pumping loss. 

[0007] 

[Problem resolution means] 

To achieve the purpose, the present invention comprising a multi-cylinder four-cycle cyUnder 
number control engine provided with an air/fuel ratio control means for detecting the oxygen 
concentration in exhaust gas and accomplishing feedback control of the air/fiiel ratio of a mixed gas 
based on the detected value and the fuel supply means in order to stop the fuel supply to some of the 
cylinders so that they rest during pre-determined operations is characterized by providing a 
valve-opening means in which intake valves of the resting cylinders are opened by die intake stroke 
and compression stroke during pre-determined operations, (reference Claim 1) 

[0008] 

The present invention comprising a multi-cylinder four-cycle cylinder number control engine 
provided with an air/fuel ratio control means for detecting the oxygen concentration in exhaust gas 
and accomplishing feedback control of the air/fuel ratio of a mixed gas based on the detected value 
and the fuel supply means in order to stop the fuel supply to some of the cylinders so that they rest 
during pre-determined operations is characterized by providing a valve-opening means for opening 
the intake valves of the resting cylinders upon the completion of intake, compression, expansion and 
exhaust strokes during pre-determined operations and a valve-closing means for closing the intake 
valves of the resting cylinders upon the completion of intake, compression, expansion and exhaust 
strokes during pre-determined operations (Claim 2). 



[0009] 



It is desirable tiiat the intake valve be composed of a first intake valve and a second intake valve, and 
that the valveK)pening nieans opens the second intake valve (Claina 3). 

[0010] 

[Operation] 

When the engine is operated in a ppe-d|etermined operating region, the fuel supply means stops the 
fuel supply to some of the cyhnders. At this tinie, the intake valves of the resting cylinders, where the 
fuel supply has been stopped, are opened during the intake stroke and compression stroke by the 
valve-opening means. Accordingly, air taken into the resting cylinders during the intake stroke is 
successively blown back again to the intake system side. Therefore air making which is not 
contributing to combustion does not flow to the exhaust system and the control of the air/ fuel ratio 
confrol means does not become disordered. Moreover, excessive negative pressure and compression 
pressure do not act on the resting cylinders from the intake stroke to the compression stroke, thereby 
reducing the pumping loss (Claim 1). 



[0011] 



If the intake valves of resting cylinders are opened in their complete stroke and the exhaust valves are 
closed in their complete stroke, the downward flow of air making not contributing to combustion to 
the exhaust system can be prevented, thereby further reducing pumping because excessive negative 
pressure and compression pressure do not act on the resting cylinders in their complete stroke 
(reference Claim 2), 



[0012] 
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[Embodiment examples] 



Embodiment examples of an cylinder number control engine relating to the present invention are 
illustrated in detail below. 

[0013] 

Fig. 1 7 show the first embodiment example of die cylinder number control engine of present 
invention. Fig. 1 shows its schematic constmction, and 2 is an engine body of the four-cycle 
four-cylinder constmction in Fig. 1. No. 4 is an intake system connected to the engine body 2 and 
comprises an air cleaner 6, an air flowmeter 8, a throtde valve 10, an intake chamber 12 and an intake 
manifold 14 branched from the intake chamber 12, etc., wherein a fuel injection valve 16 is provided 
in each intake manifold 14, respectively. No. 20 is an exhaust system and comprises an exhaust 
manifold 22, an exhaust cleaning catalytic device 24 and an exhaust silencer 26, etc., and an O2 sensor 
28 for detecting the oxygen concentration in exhaust gas is arranged on the upstream of the exhaust 
cleaning catalytic device 24. 

[0014] 

A signal from the D2 sensor 28 is input into an electronic control unit 30, a signal from the air 
flowmeter 8, a signal from a throttle opening sensor 18 for detecting the opening of throttle valve 10 
as well as various parameters showing operating state of engine, such as a signal of engine revolution, 
etc., are input into this electronic control unit 30, by which the electronic control unit 30 controls the 
operation of fuel injection valves 16 provided in the intake manifold 14 in accordance with the 
various parameters. Namely, the electronic control unit 30 functions as a fuel supply means for 
controlling the fuel injection amount from fuel injection valves 16 based on the signal of the intake air 
amount from air flowmeter 8, and functions as an air/fuel ratio control means for accomplishing 
feed-back control of the fuel injection amount from fuel injection valves 16 so that the air/fuel ratio 
of a mixed gas becomes an objective air/fuel ratio based on the signal of intake air amount from air 
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flowmeter 8, and functions to stop the fuel supply to some of the engine cylinders so that they rest 
when the engine is operated as a fiael supply means in a pre-detemiined region, such as low-load 
low-rotation region, etc. 



[0015] 

No. 32 is a valve motion mechanism for opening/closing the intake valves and exhaust valves of the 
engine body 2, a valve-opening means for opening the intake valves of the resting cylinders during 
the intake stroke and compression stroke during resting operation of the a part of cylinders is 
incorporated into this valve motion mechanism 32, the valve-opening means being operated and 
controlled by the electronic control unit 30, 

[0016] 

A detailed description of the valve motion mechanism 32a on the intake valve side incorporated with 
the valve-opening means is provided next. In Fig. 2 and Fig. 3, 34 is an intake valve comprising a first 
intake valve 34a and a second intake valve 34b. No. 36 is left-right a pair of rush adjusters for 
opening/closing the first and second intake valves 34a, 34b, no. 38 is left-right a pair of shaking 
camshafts that shake in a sliding state with the rush adjusters 36 to lift the intake valve 32 via the rush 
adjusters 36b, no. 40 is a shaking camshaft for keeping the shaking cam free to rotate, 42 is left-right 
a pair of drive cams for shaking the shaking camshaft 38 with rotation, 44 is a drive camshaft pivoted 
rotatably in the engine body 2 holding the drive cam 42, and 46 is an energizing means in which the 
shaking camshafts 38 are always in contact widi the drive cams 42 by energizing the shaking 
camshaft 38 to the side of drive cam 42. The drive camshaft 44 is slidably carried back and forth on 
the cylinder head 50 at a pre-determined distance axially and is operated by a slide moving 
mechanism described hereafter. 



[0017] 



Here, left-side cylinder 52 is a resting cylinder in which the fuel supply is stopped during the 
pre-determined operation, right-side cylinder 54 is a normal cylinder in which the fiiel is supplied in 
the total operating region, wherein the drive cams 42, 42 for operating the first, second valves 34a, 
34b of the normal cylinder 54 and the drive cam 42 for operating the first intake valve 34a of the 
resting cylinder 52 are integrally mounted to the drive camshaft 44 and integrally move with the slide 
naovement of drive camshaft 44, each cam width being formed so that it is slightly greater than a slide 
distance, and its cam profile is uniformly formed over its full width. Accordingly, the opening/ 
closing operation timing and the lifting amount of the first, second valves 34a, 34b of the normal 
cylinder 54 and the first intake valve 34a of the resting cylinder 52 and the valve opening/closing 
characteristics in the valve-opening period, etc. do not change at all, 



[0018] 



On the other hand, drive cam 42a for operating the second intake valve 34b of resting cylinder 52 is 
coupled to the drive camshaft 44 with a helical spline to make both relatively slidable, a stopper 58 
integrally formed by protruding it from a cylinder head cover 56 is slide connected to axial both sides 
of drive cam 42a, and the drive cam 42a controls die axial movement. Accordingly, if the drive 
camshaft 44 is shdingly moved, the axial slide of drive cams 42a is controlled, by which relative 
rotation to drive camshaft 44 occurs and the mutual phase angle is deviated in accordance with the 
twist angle of the helical spline 44a. 



[00191 



In this embodiment example, the drive camshaft 44 is slidingly moved to the illustrated right direction 
only at a pre-determined distance by a sliding mechanism, described hereafter, and the twist angle of 
the helical spline 44a is so established and formed that the drive cam 42a is 90^ rotated to the rotation 
retarding direction due to the sliding movement. 



[0020] 
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As shown in Fig. 4 Fig. 7, a rotation driving means 60 for rotating the drive camshaft 44 in 
synchronism with a non-illustrated crank shaft is provided at one end of drive camshaft 44 for holding 
the drive cams 42, and a sliding mechanism 62 for axially sliding the drive camshaft 44 is 
incorporated into the rotation driving means 60. Specifically, a screw member 64 is bolt fastened to 
one end of drive camshaft 44, at the periphery of which are formed a spiral square thread section 64a 
and linear spline grooves 64b. The spline grooves 64b are crossed with square thread section 64a and 
provided in three places in the circumferential direction of screw member 64. 

[0021] 

Three projections 66b are formed m a boss 66a of a cam pulley 66 as a power transmitting means 
interlocked with a non-illustrated crank shaft corresponding to the three spline grooves 64b, wherein 
the three projections 66b are engaged with the three spline grooves 64b to hold the cam pulley 66. 
Namely, the three projections 66b and the spline grooves 64b are relatively movable in the axial 
direction. 

[0022] 

An intermediate member 68 is provided at the inner side of above cam pulley 66, and a boss 68a of 
the intermediate member 68 is inscribed with the boss 66a of above cam pulley 66 and rotatably 
supported. In the boss 68a of intermediate member 68, a female screw part 68b screwed 
corresponding to the square thread part 64a is formed at its inner surface, creating a relative rotational 
difference between the drive camshaft 44 and the intermediate member 68, by which they relatively 
move in the axial direction. 

[0023] 

An inscribed gear 70 is integrally formed at the inner surface of a pulley 66c of the cam pulley 66, 
witii which a gear member 74 rotatably pivoted at a bearing 72a of cam member 72 fixed to the 
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engine body 2 side is engaged, the gear member 74 being rotated at a higher speed than the cam 
pulley 66. 

[0024] 

The gear niember 74 is arranged closely opposite to the side of intermediate member 68, with a first 
oil hydraulic chamber 76 being formed by a bearing 72a of cover member 72 at the shaft end of gear 
member 74. The gear member 74 is then axially moved in accordance with oil pressure supplied to 
the first oil hydraulic chamber 76, by which the inner ridge of gear member 74 and the outer ridge of 
boss 68a of intermediate member 68 are partially pressure connected to transfer the rotation of the 
gear member 74 to the intermediate member 68. 

[0025] 

Moreover, a second oil hydraulic chamber 80 is formed by a piston 78 at the cover member 72, and 
the piston 78 is axially moved in accordance with the oil pressure supplied to the second oil hydraulic 
chamber 80, and pressed to the intermediate member 68, the piston 78 fiinctioning as a brake to 
decelerate or stop the rotation of the intermediate member 68. 

[0026] 

Moreover, a supply/exhaust mechanism 82 is connected to supply/exhaust hydrauUc oil to the first 
and second oil hydraulic chambers 76, 80, wherein the supply/exhaust mechanism 82 comprises a 
supply-side passage 88 that leads lubricating oil to an oil pan 84 by an oil pump 86, a return-side 
passage 90 that retums the hydraulic oil in the first and second oil hydraulic chambers 76, 80 to the 
oil pan 84, and three-port two-position switch solenoid valves 92a, 92b for switching and creating 
communication with each of the supply-side passage 88 and return-side passage 90 to the first and 
second oil hydrauhc chambers 76, 80, each of solenoid valves 92a, 92b being operationally 
controlled by the electronic control unit 30. 
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[0027] 



The operation of the embodiment example constituted as described above is described next 
[0028] 

The control unit 30 detects that the engine is operated in a pre-determined region, such as a low-load 
low-rotation region, etc. based on various parameters, such as an input intake air amount or throtfle 
opening signal, a signal of engine revolution, etc., stops the fuel injection from the fuel injection 
valves 16 arranged in the intake manifold of resting cylinders 52, issues an ON signal to the solenoid 
valve 92a and creates communication between the first oil hydraulic chambers 76 and the supply-side 
passage 88 to supply the hydraulic oil to the oil hydraulic chamber 76 while issuing an OFF signal to 
the solenoid valve 92b and creates conununication between the second oU hydraulic chamber 80 and 
the retum-side passage 90. 

[0029] 

If the hydraulic oil is supplied to the first oil hydraulic chamber 76, the inner ridge of gear member 74 
is pressed to the outer ridge of boss 68 of intermediate member 68, the rotating force of gear member 
74 is transmitted to the intermediate member 68, and the intermediate member 68 rotates faster than 
the cam pulley 66 to generate a rotation difference between them, in which case, the drive cam-shaft 
44 is slidingly moved axially (to the right in Rg, 2, Fig. 4) while rotating at the same speed as the cam 
pulley 66. 

[0030] 

If the drive camshaft 44 is slidingly moved, the drive cams 42, 42 for driving the first and second 
intake valves 34a, 34b and the drive cam 42 for driving the first intake valve 34a of resting cylinder 
52 are integrally moved, but the engaged state of each shaking cam 36 is maintaiiied in its existent 
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state and the intake valves 34a, 34b of above normal cylinder 54 and the first intake valve 34a of 
resting cylinder 52 are open/close driven in valve timing and lift amount as usual because each cam 
width greater than the slide distance is widely formed. On the other hand, since the drive cam 42 for 
driving the first intake valve 34a of resting cylinder 52 controls the axial movement by the stopper 58, 
if the drive canishaft 44 is slidingly moved, relative rotation to the drive camshaft 44 is generated in 
accordance with the twist angle of helical spline part 44a and a phase angle is 90** deviated on the 
rotation retarding side. Therefore, the first iritake valve 34a of resting cylinder 52 is open/ close 
operated during the compression stroke where the valve-opening timing is 90^ delayed to the rotation 
angle of drive camshaft 44, i.e., 180° delayed by crank angle. 



[0031] 



As shown in Fig. 8, the intake valve 34a of resting cylinder 52 during the resting operation is opened 
during the intake stroke as usual on the first intake valve 34a side (see a solid Une) and is opened 
during the compression stroke next to the intake stroke on the second intake valve 34b side (see a 
chain line), by which air taken in from the intake valve 34a to the resting cylinder 52 during the intake 
stroke is blown back from the second intake valve 34b side to the intake passage again during the 
compression stroke next to the intake stroke, preventing excessive negative pressure and compression 
pressure from operatmg on the resting cylinder 52 from the intake stroke to the compression stroke, 
not only reducing pumping loss, but also keeping air not contributing to combustion from flowing 
from the exhaust valve side to the exhaust system. Accordingly the oxygen concentration in the 
exhaust gas does not fluctuate, and the feedback control of air/fiiel ratio with O2 sensor 28 does not 
become disordered. 



[0032] 



If the operating state of engine deviates from the resting operation region of some of the cylinders, as 
shown in Fig. 4(a), the electronic control unit 30 issues an OFF signal to the solenoid valve 92a to 
create communication from the first oil hydraulic chamber 76 to the return-side passage 90 and 
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discharge the operating fluid in the first oil hydraulic chamber 76 while creating conuniinication 
between the second oil hydraulic chamber 80 and the supply-side passage 88 to supply operating 
fluid to the second oil hydraulic chamber 80. The pressing connection between the gear member 74 
and the intermediate member 68 are then released, the piston 78 is extmded to make contact with the 
intermediate member 68, and the piston 78 functions as brake to reduce or stop the rotation of 
intemiediate member 68, in which case the rotation of intermediate member 68 becomes slower than 
the rotation of cam pulley 66 to cause a relative rotation between two, the drive camshaft 44 is 
slidingly moved axially (to the illustrated left direction), as is the drive cam 42a for the second intake 
valve 34b of resting cylinder 52 by the slide movement of the drive camshaft 44 90° relatively rotated 
to the forward side of the direction of rotation. Namely, the open/close timing of second intake valve 
34b is returned from the compression stroke to the normal intake stroke. 

[0033] 

Fig. 9 - Fig. 1 1 show embodiment example 2 of the present invention. Part of embodiment example 
2 different from aforesaid the first embodiment example consists of the part shown in Fig. 9, the main 
construction of which is common to the first embodiment example shown in Fig. 3 ~ Fig, 7. 



[0034] 

In this embodiment example 2 as shown in Fig. 9, the contact engagement surface of shaking 
camshaft 38a of second intake valve 34b and the drive cam 42b are tapered having a pre-determined 
inclination angle to the axial direction of drive camshaft 44, and the cam profile of drive cam 42b is 
successively expanded from the illustrated right side to left side. Namely, the valve lift amount and its 
valve-opening period increase in a state in which the illustrated left part of drive cam 42b slide 
connects to the shaking cam 38a. 

[0035] 
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In this embodiment example 2, the sliding distance of drive camshaft 44 is set to about 1.5 times that 
of the first embodiment example. Then, the width of drive cam 42a of first intake valve 34a is set to 
be greater than the width of shaking cam 38 only by the sliding distance. The width of drive cam 42b 
of the second intake valve 34b is same as that of the first embodiment example, and the length of 
helical spline 44a becomes half that of the first embodiment example. A stopper 58 making contact 
with the lateral surface of large-diameter side of this drive cam 42b of second intake valve 34b is 
provided in a state in which a small-diameter part of drive cam 42b of second intake valve 34b slide 
connects to the shaking cam 38a. 

[0036] 

In embodiment example 2 thus constituted, if the drive camshaft 44 is shdingly moved to the 
illustrated right direction, the drive cam 42b of second intake valve 34b slide connects to the shaking 
cam 38a in the shape of taper to retard their movement, with great resistance, therefore relative 
rotation occurs, and the drive cam 42b is rotated 45° relative to the rotation retarding side to the drive 
camshaft 44 at a time that a step part formed at the illustrated left end of helical spline 44a makes 
contact with the side of drive cam 42b and the phase angle is deviated. If the drive camshaft 44 is 
further slidingly moved to the illustrated right direction from this state, the drive cam 42b is integrally 
slidingly moved with the drive camshaft 44 and its large-diameter part being slidingly engaged with 
the shaking cam 38a. 

[0037] 

Accordingly, the open/close characteristic of second intake valve 34b during the resting operation in 
this case is shown by a chain line in Fig. 10, the open/close timing is delayed 90*^ in terms of the crank 
angle, the valve lift amount and its open time are expanded, and the valve is opened from the intake 
stroke to the comjpression stroke. 



[0038] 
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Fig. 1 1 and Fig. 12 show embodiment example 3. In contrast to embodiment example 2 of Fig. 9, the 
first intake valve 34a side is different in embodiment example 3. Namely, the lift amount and opening 
time of first intake valve 34a are also greatly expanded by making the drive cam 42c and the shaking 
cam 38b at the first intake valve 34a side to be tapered as shown in Fig. 1 1 and sliding the drive 
camshaft 44 as shown ki the open/close characteristic diagram of Fig. 12. 

[0039] 

Fig. 13 - Fig. 15 show embodiment example 4. In embodiment example 4, the drive cam 42 of 
second intake valve 34b is formed by dividing it into a pair of cams, either one of which is 
alternatively slide connected and engaged with a shaking cam 38c. Namely, an illustrate left drive 
cam 42e is formed into a complete circle and slide connected and engaged with the shaking cam 38c 
by sliding it to the right of drive camshaft 44 to open the second intake valve 34b upon the conipletion 
of intake, compression, expansion and exhaust strokes. Conversely, the illustrated ri^t drive cani 
42d is slide connected and engaged with the shaking cam 38c of second intake valve 34b by sliding 
it to the left of drive camshaft 44 to normally open/close the second intake valve 34b during the intake 
stroke, as with the second intake valve 34a. 

[0040] 

As shown in Fig. 14, a sliding mechanism, etc. of drive camis made by the same construction as the 
intake valve side are further provided on the valve motion mechanism 32b of an exhaust valve 341 
and the open/close characteristic of exhaust valve 341 during the resting operation is changed in 
embodiment example 4. Namely, a drive cam 421 provided integrally witti a drive camshaft 441 and 
a shaking camshaft 381 slide connected widi the drive cam 421 are corresponded to each other to be 
tapered in a slant, and a cam profile is established so that the illustrated left large-diameter part opens 
the exhaust valve 341 as usual at the exhaust stroke. On the other hand, the illustrated right 
large-diameter part is formed into a complete circle and is formed so as not to generate a valve lift. 
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[0041] 



Accordingly, in embodiment example 4 thus made, as shown in an open/close characteristic diagram 
of Fig. 15, the drive camshafts 44, 441 of both intake valve 34 and exhaust valve 341 are slidingly 
moved during the resting operation of some of the cylinders, and it is a matter of course that the 
second intake valve 34b of resting cylinder 52 is opened with the completed stroke, the exhaust valve 
341 can be closed at the completed stroke and air not contributing to combustion can flow to the 
exhaust system, further reducing pumping loss because excessive negative pressure and compression 
pressure do not act on the resting cylinder at the completion of strokes fix)m the intake stroke to the 
exhaust stroke. 

[0042] 

Moreover, the sliding mechanism in the embodiment examples may be replaced by other 
constmctions, for example, the drive camshaft 44 can also be directly slidingly moved by an oil 
hydrauUc mechanisnt 

[0043] 

[EfiBcacy of the invention] 

As described in detail by the embodiment examples above, according to the cylinder number control 
engine relating to the present invention, when the fiiel supply means stops the supply of fuel to some 
of the cylinders, the intake valves of resting cylinders, where the supply of die fuel is stopped, are 
opened during the intake stroke and compression stroke by a valve-opening means and an air taken 
into the resting cylinders during the intake stroke is successively blown back to the intake system side 
again during the compression stroke. Therefore the action of excessive negative pressure and 
compression pressure into the resting cylinders from the intake stroke to the exhaust stroke can be 
prevented while preventing the flow-down of intaken air not contributing to combustion to the 
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exhaust system and pumping loss of resting cylinders can be reduced as much as possible without 
causing disorder of the air/fiiel ratio (Claim 1). 

[0044] 

If the intake valves of resting cylinders are opened at the completed stroke and the exhaust valves are 
closed at the completed stroke, the downward flow of intaken air not contributing to combustion can 
be prevented, and further reduction of pumping loss can conceived because excessive negative 
pressure and compression pressure do not act on the resting cylinders with the completion of strokes 
from the intake stroke to exhaust stroke (Claim 2). 
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[Brief description of the drawing] 

Fig. 1 is a schematic block diagram of the first embodiment example of cylinder number control 
engine relating to the present invention. 

Fig. 2 is a sectional view showing principal parts of flie first embodiment example. 
Fig. 3 is an arrow sectional view of A-A line in Fig. 2. 
Fig. 4 is a view showing a sliding mechanism. 

Fig. 5 is a view showing a relationship between an inscribed gear and a gear member of cam pulley. 
Fig. 6 is an arrow sectional view of VI- VI line in Fig. 4. 
Fig. 7 is a view showing a screw member. 

Fig. 8 is a diagram showing open/close characteristic of intake/exhaust valves of the first embodiment 
example. 

Fig. 9 is a partial sectional view of principal parts of a valve motion mechanism on intake valve side 
in embodiment example 2 of the present invention. 

Fig. 10 is a diagram showing open/close characteristic of intake/exhaust valves of embodiment 
example 2. 

Fig. 1 1 is a partial sectional view of principal parts of a valve motion mechanism on intake valve side 
in embodiment example 3 of the present invention. 

Fig. 12 is a diagram showing open/close characteristic of intake/exhaust valves of embodiment 
example 3. 

Fig. 13 is a partial sectional view of principal parts of a valve motion mechanism on intake valve side 
in embodiment example 4 of the present invention. 

Fig. 14 is a partial sectional view of principal parts of a valve motion mechanism on exhaust valve 
side in embodiment example 4 of the present invention. 

Fig. 15 is a diagram showing open/close characteristic of intake/exhaust valves of embodiment 
example 4. 
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[Description of the symbols] 

2 engine body 

8 air flowmeter (fuel supply means) 

16 fuel injection valve (fuel supply means) 

18 throttle opening sensor 

28 O2 sensor (air/fuel ratio means) 

30 electronic control unit (air/fiiel ratio control means, fuel supply means) 

32a intake-side valve motion mechanism (valve-opening means) 

32b exhaust-side valve motion mechanism (valve-opening means) 

34a first intake valve 

34b second intake valve 

36 rush adjuster 

38, 38a , 38b, 38c shaking cams 

40 shaking camshaft 

42,42a,42b,42c,42d,42e drive cams 

44 drive camshaft 

44a helical spline 

'B2 resting cylinder 

54 normal cylinder 

58 stopper 

62 sliding mechanism (valve-opening means) 

341 exhaust valve 

381 shaking cam 

421 drive cam 

441 drive camshaft 
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Fig.l] 



(between 8 and 30) AFM signal 

(between 18 and 30) throtde opening signal 

(between 28 and 30) oxygen concentration signal 

30*- engine revolution signal 

Fig.2] 

Fig.3] 

Fig. 5] 

Fig.6] 

Fig. 7] 

Fig. 8] 

Ex. Int. Comp. 

Intake valve 
Exhaust valve 

Fig. 4] 



Fig. 9] 
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Fig. 10] 
Fig. 11] 
Fig. 12] 



Fig. 15] 

Ex. Int. Compl 



Intake valve 



Exhaust valve 



Fig. 13] 
Fig. 14] 
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